MOBILE COMMUNICATION SYSTEM AND 
METHOD OF CONTROLLING SYNCHRONIZATION BETWEEN BASE STATIONS 



FIELD OF THE INVENTION 
The invention, relates to a mobile communication system and a 
method of controlling synchronization between base stations, more 
particularly to a mobile communication system conducting radio 
conuuuni cation by Time -Division Multiplex and a method of 
controlling synchronization between baso stations fur tne same. 

BACKGROUND OF THE INVENTION 

For instance, in a mobile communication system conducting radio 
communication in Tima-Diviaian Multiplex, such as PHS (Personal 
Handypnone System) , a larse number of base stations arts placed at 
appropriate positions within a predetermined area, and thus 
<-!ontinuou3 services are secured by switching base Station in radio 
communication even when communication terminal calling via base 
station in 1 moves out of service araa ot such base station. 

In the conventional mobile communication syctem of this type, 
if there is a difference in frame timing of radio communication 
between adjacent base stations, sarvise failure occurs and smooth 
changeover of base station in communication involved in a position 
shift. Therefore, it is important to synchronize frame timing of 
each base station. 

One of tha conventional technology of synchronizing frame timing 
of each base station is a method to 3upply synchronizing signals 
from exchange device (hencsforth, PBX) , which is a host device to 
base station (henceforth, BS) , to each RS. -To explain this 
conventional technology referring to Pig. 1, synchronizing signal 
genera for unit 107 is provided in PBX 101, and it comorisp.s so ac 



| co synchronize. each BS by supplying synchronizing signal with same 

| riming to each of BSlll to 113 via BS I/F unit 108 to 110. 

] Further, a mobile communication system is disclosed in Japanese 

i Patent Application Laid-Open No. 11-68649, which is construed to 

I 

j 5 cue the cost and increase the stability of the system toy connecting 

\ speech path switch for switching the internal and external lines 

■ and by comprising so that aach BS can receive synchronising signal 

I vid this speech path. 

j However, there is a following disadvantage in the conventional 

| 10 synchronization control between base stations, 
i A communication system of thia typ* has a large number of SS 

I placed within a predetermined area as above, and the distance from 

O | the host device PBX to each BS differs according to the position 

SJ j the BS is placed. In this case, arrival timing of synchronizing 

~ I 15 signal at a bs distant from PRX, i.e. a DS with a long signal 

j transmission path, may be delayed, and thus a difference of 

Si I 

Q j synchronizing signals between 3S's is produced. 

^ j Following are explanations of synchronizing signal delay and 

! a difference of radio transmission timing referring to Fig. 2. 
g j 20 As shown in Pig. 2, three HS 402 to 404 arc connected with P3X4 01. 

\ with BS 402 and BS 403 installed at approximately egual distances 

j from PDX 401 and with BS 404 installed in a relatively remote position. 
Prom PBX 401, synchronizing aignal 406 is output toward each BS with 

| the same timing. When transmission path of BS 404 is lunger than 

I 25 the other BS'e as this, the timing synchronising signal arrives at 

j BS404 is later than the other BS's. (See Code 409) Since each BS 

' conducts radio communication with timing Of synchronizing signal 

! 

| supplied to it, as for radio communication timing 405 to 407 o£ each 
BS, radio communication timing 407 ot BS 404 is delayed by Td compared 

j30 with timing of other BS'S. 
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in such case, for iustance, whan communicat-ion terminal PS is 
in tha position lhac allows receiving slectirlc wave from BS 403 and 
404 , n communication failure may occur flue to interference of Lime 
frame, further, for instance, when a mobile 1 communication terminal 
5 in communication with BS4Q3 shifts its position, ana switches 
communication to B4 04, smooth changeover may be inhibited and fault 
such as circuit cut off may arise. 



SUMM ARY OF THE INVENTION 
10 Accordingly, it is an object of the present inveution to provide 

a system which synchroni2es timing of radio communication at each 
BS and a method for controlling the same. 

According to a first features of the present invention, a mobile 
communication system comprising a plurality of base stations which 
15 are locatad at appropriate positions within a predetermined area 
and conduct radio communications with a mobile communication 
terminal, and an exchange, office which is connected with tha base 
otationa ana conducts the exchange control toward an external 
network, said exchanged office conducting a Time Division Multiplex 
20 radio communication by providing a synchronising signal from the 
exchange office to each of the base stations, 
the system further comprises: 
I delay time detection meanc for detecting an arrival delay time 

'■■ of the synchronizing signal to each ot the base otationa; 

J 25 computation means f oi computing a timing correction value which 

1 synchronises a. radio communication timing of all of the hasp stations 
! for each base station on the baci3 of a delay tims detected; and 
I collection means for correcting the synchronising siynal 

• supplied to the base stations according ro tha timing correction 
|30 value. 

i 
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'• To correct the timing difference of ladlo comrtnmication due lo 

I I 

, sporadic i installation positions of base stations, according to the 

| invenLioh, an arrival delay time of the synchronizing) signal for 

! each 01 the base stations is detected, a timing correction value 

1 5 which synchronizes a radio communication timing of. all of the ba3« 

I 

I stations fot each base station on the basis of a delay time detected 

I 

j is computed- and the synchronising signal supplied to the base 

\ stations is corrected according to the timing correction value. 

! Consequently , timing of radio communication Lot all the base 

! 10 stations can be synchronized . Therefor*, interference r.o time clot 

I from adjacent base station and communication failure due to 

! changeover of base stations is Lo be prevented. 

Still, according to a second feature of the present invention, 

j it is preferable thaL the delay detection means coniDrisas : 

j 15 means installed in the exchange office for qeneraring a test 

| signal for delay time detection and sending the test signal to the 

; baa« stations; 

i means tor sending by return the test signal sent from the 

| exchange office at the base station: and 

s 20 measuring means for receiving the test signal sent by return 

\ from the base stations and for measuring d. time difference between 

| times of transmission and arrival of the tesr signal. 

I Thus, an accurate amount of delay time of signal oath 

I 

j transmission for each base station can be obtained, if test signal 

i 25 sent from a exchange office is sent by return at the base station 

1 and if delay time is detected from a time lag of the signal's arrival 

at the base station. 

' Furthermore, according to a. third feature of present invention. 

| a method of controlling synchronization between base stations in 

130 a mobile communication system comprising a plurality of base 
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stations which are located at appropriate positions within a 
predetermined area and conduct radio communications with a mobile 
communication terminal, and an exchange office which is cunneccect 
with che base stations and conducts the exchange control coward an 
5 external network, the exchange office conducting a Time nivision 
Multiplex radio communication by providing a synchronizing signal 
from the exchange office to each of the basp. stations, 
the method comprises the steos of: 

detecting an arrival delay tim« of the synchrani zing Signal to 
10 sach of the base stations; 

computing a Ciming correction value which synchronizes timing 
of radio communication of all the base stations on the basio of delay 
time detected for each of the base stations; and 

correcting the synchronizing signal supplied to the base station 
15 according to the timing correction value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail in conjunction 
with appended drawings, therein; 
20 FTG.l is a block diagram shewing the outline Of a mobila 

communication system in a first preferred embodiment according to 
the present invention as well as the conventional mobile 
j communication system; 

| FIG. 2 is a diagram for explaining a synchronising signal delay 

1 25 between base stations in a conventional mobile communication 
I syst*m, 

! FIG. 3 ia a block diagram showing a structure of BSI/F uait shown 

i 

] in Fiy. i, 

| FIG. 4 is a block diagram showing a structure of the BS shown 

'530 in Fig l. 
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FIG. 5 ; is a sequential chart shoving a synchronization concrol 
method in a mobile communi ration system according r.n th« invention, 
and 

FIG. 5 is a diagram showing an example? of a toot signal arriving 
5 at a delay time detection unit shown in Pig.l. 

DESCRIPTION OF TUB PREFERRED EMBODIMENT 
Preferred embodiment according to the invention will be 
thoroughly explained below in conjunction with appended drawings. 
10 Fig. 1 shows a preferred embodiment of the invention; for 

instance, composition of a mobile communication system, such as phs, 
conducting radio communication in Time -Division Multiplex, As 
shown in .fr'ig, 1, a mobile communication system of the invention 
comprises: a exchange office (PBX) 103 connected with public line 
15 network station SO; base stations IBS) 111 to 113 which have a wired 
connection with such PBXiOl and are located at appropriate positions 
within a predetermined area; and mobile communication terminals 
{PSJ 114 to 115, which tranomit/receive signals with such BS ill 
to 113 via radio eoaununicatioii. 
20 fBXIQl is connected with network station SO via multiple 

circuits, and comprising: circuit I/F units 103 to 105. which are 
circuit interfaces with network station 30; BSI/F units 108 to 120, 
which are in charge of intarface with BS 111 to H3; speech path 
switch 102, which conducts exchange control of speech paths on 
25 circuit lines; PBX central control unit lOff, which regulates the 
performance of the entire tfBX including such speech Dath switch 102; 
synchronising signal generator unit 107 for supplying synchronizing 
signal to 8SU1 to 113. 
| Fig, 3 is a block diagram showing the structure of bs/if unit 

|30 shown in Fig. 1. Fig. 4 is a block diagram showing the structure 



of as shown, in Fig. l. Although BST./f unit lflfl and BS ill will be 
Eocussd as examples in the explanation below, each BS/F unit 108 
to 110, and each BS 111 to 113 are assumed to be similar in 
organization respectively . As shown in Fig. 3, bsi/f unit 10 8 

5 comprises; signal converter unit 2Q2; signal transmitter- receiver 
unit 203, transmitting signals with BSill; test signal generator 
unit 204; two switches 205 and 20S; delay time detection unit 207; 
timing correction unit 208; and DSl/F unit, controlling these units . 
Meanwhile. BS111 comprises: signal converter unit 302; PBXI/f 

10 control unit 303, connected with this signal converter unit 302; 
radin signal converter unit 304: radio I/f control unit 305, 
connected with radio signal converter unit 304; radio signal 
transmitter- receiver unit 307, with antenna 306, transmitting 
signals with PS: synchronizing signal extract unit 309, extracting 

15 synchronizing signal included in control signal from PBX101 ; switch 
3 OS; HS central control unit, controlling these entire 
constituents. 

A mobile communication system according to the invention is 
endowed with two tnndas of action; normal ojsaration mode, and test 

20 operation mod** for enabling synchroni zation control, which are 
switched via directions from PBX central control unit 106. In 
normal operation mode, switches 205, 20$ of BSI/F unit 108, and 
switch 303 of BS111 are changed to "a" side, in test operation node, 
these switches 205, 206 and 300 are changed to "b" side aa below. 

25 In normal operation mode, controlling unit 209 of BSI/F unit 

108 receives directions from PBX central controlling unit and issues 
controlling signals co BS111. Synchronizing signal generator unit 
107 supplies synchronizing signals with designated timing to each 
BSI/P unit 108 to 110. The synchronising signals are sent to siynal 

bo converter unit 202, after they are corrected in timing correction 



unit of BSI/F unit shown in Fig. 3. Such signal! converter unit- 202 
multiplexes sound 3ignal from spp.echpath avitcliil02 (S201 ) , control 
Signal sent from BSI/F unit 209 to BSlll (S203) , and synchronising 
signal from timing correction unit 208, sending them to BSlll via 
signal transmitter-receiver unit. Also, it receives signals irom 
BSlll via signal transmi Leer- receiver unit 203 (S207) , and separata 
thpm into cound signals to bp sent to speech path switch 102 <S202) 
and control signals to be sent to BSI/F unit 209 (S204) . 

Signals transmitted from BSI/F unit 108 (S20S) arc separated 
to sound signals (S303) and control signals (S3QQ) at signal 
converter unit 302 of BSlll. Control signals are sent to PBXI/P 
unit 303 and synchronizing signal extiact unit 308, and 
synchronizing signals !S311) are extracted at synchronizing signal 
extract unit 30 Radio signal converter unit 3 04 multiplexes in 
radio signal format sound signal from signal converter unit 302 
(S303) and rrontrol signals from US central controlling unit 310 to 
fce input via radio I/F unit 305 (£303) . Radio -signal 
transmitter- receiver unit 307 send this multiplexed signal (S305) 
from antenna. 30o, with timing of synchronizing signals obtained <*t 
synchronizing signal extract unit 308. 

Meanwhile, radio signals transmitted from mobile terminal PS 
are received at radio signal transmitter receiver unit 307 via 
antenna 305, and separated to sound 3ignals (S304) and control 
signals (3310) at radio signal converter unit 304 . Control signals 
(S3 10} are sent to BS central control unit 310 via radio I/F control 
unit 305; sound signals (5304) are ssnt to signal converter unit 
3 02 . Signal converter unit 3 02 mul r.iplaxec this sound signal (S303 ) 
and control signals from "BXI/p control unit and send them to PBX101 
(Signal S207). These oignals (S207) enter signal 

transmitter- receiver unit 203 of BSI/F unit 101, and ar« sent to 
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cignal converter unit 2 02, where chey are separated Lo control 
signals (S204|) and sound signals (S202) - These sound signals IS202) 
are sent to external network. 50, from speech path switch 102 of PBX 
101 via unoccupied circuit i/P unit. 
5 This radio communication system is constructed go as to secure 

continuous call, for example when a mobile terminal PS114 which has 
.been in communication with BS111 moves out to the area tor BS112, 
by switching communication to BS 112 under control of PBX concrol 
unit 10G. To realize such switching of B5 smoothly, it is important 

10 to gain synchronization control, which synch remises, for each BS, 
trame timing of radio communication.. This system attempts to attain 
this goal by; detecting delay time of transmitting synchronizing 
signal for each BS under test operation mode, which is to bp explained 
in detail below; computing timing correction value in which radio 

15 communication timing is synchronized Tor every BS and announcing 
it to each BS; and ansuring each BS to correct synchronizing signals 
supplied according to such correction value from synchronizing 
signal generator unit 107 of PBX 101 before usinq. 

Pig-S is a. sequential chart explaininy how test operation mode 

20 of a mobile communication system relating to the* invention works. 
First, in this t^st operation mode, "delay time detection request" 
(S501) is sent from PBX central control unit 10$ to BSX/F unit 108. 
HSI/P unit 108, which ieceives it, sends back "delay time detection 
ar.ceptance" (S502) and starts control process toward BS111. In this 

25 control process, BST/P unit sends -'testing start raquc3t" (S503) 
to BS111. In response to this, in order to start testing, BSill 
stops transmitting and receiving radio signala and coxiducts block 
setting (501) to stop accepting thf? connection of ?S . On completion , 
BS111 sends "tsstina start acceptance" (S504) to BST/F unit 100. 

s 

[30 Receiving the same signal, BSI/F unit sesnds "return setting 



request" (S505) Co BSlll. BS111, which receives it, send back 
"return setting acceptance" and change sviccft 3 09 shown in Fiy.4 
to "b" side. subsequent signals from FBX 101 are sent by return 
to PBXIOi via switch 30D. However, even whan switch 309 is set for 

5 "b" sidp, signals from PBXIOI are supplied to signal converter unit 
302 as well. Receiving "return setting acceptance" (SS06), BSI/F 
unit waits for a certain amount of time and then rhangae switch 205, 
206 to "b" (504) . 

Once this return setting is completed, test signal ($205) is 

10 output (505) from teat signal generator unit 204 o£ BSI/F unit. 
Since switch 205 is set to "b" side, cest signal (S205) is sent out 
from signal transmitter-receiver unit 203 to RS111. Meanwhile, 
since switch 309 is set to "b" aide in HS111. received signal (S205) 
is sent back by return to BSI/F unit 108 through switch 309 (signal 

15 S207) . Signal sent by return to BSI/F unit 108 (S207) is supplied 
to delay time detection unit 207 via switch 206 which is set to "b" 
sida and compared with test signal (3205) which is sent directly 
from test signal generator unit 204, so that dolay time is detected. 
At Lhis point, an example of test signal arriving at delay time 

20 detection unit 207 is shown in Fig. 6. 

Trt Fig. 6, compared with test signal transmitted from test signal 
| generator unit 204 (S2US) shown in the upper part, test signal sent 

I by return from BSlll shown in the lower part(S207) arrives late at 

i 

! delay time detection unit 207. This is the delay caused because 

I 25 BSill is installed apart from PBX10 and it takes mora Lime to transmit 

| signal. Furthermore, since BSlll to 113 are installed in separate 

! positions, delay time for each BS varies, as mantionad above, 

i according to the present invention, it is structured so as to delect 

l delay time from signal sent to PBX1U1 hy return, a half of delay 

!30 time tor this signal senc by return is delay time in on ^ way of 
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transmission path. 

Once transmission path delay time Td L X3 decocted, BSI/P unit 
108 reports detected delay time Td,. to PBX central control unit 10G, 
and cancels test setting by turning back switch 2 OS, 206 to "a" side, 
5 Then it sends "return cancel request" (SS1A) to BSlli. Receiving 
the same signal, BSlli cancels test setting by turning back swir.nh 
j 309 to "a" side, and sends bade "return cancel acceptance" (S511) . 

| Subsequently, BSl/f unit 108 senda "testing end reauest" (S512) to 

| BSlli. Receiving this. BSlli sends back "testing end acceptance" 

j 10 (S513) and cancels block setting, owing to this, suspension on 
| transmission and reception of radio signals is canceled and 

! acceptance of PS connection reopens. Once blockage is canceled and 

i normal operating conditions are resumed, It sends "starting 

j completion report" (5514), notifying that thp starting was 

j 15 successful . 

| PBX central control unit 106 conducts similar control over other 

| BSI/F units 109, 110, obtaining transmission path delay time Td s , 

I Td } for other BS's 112, 113 (512) . when delay time for all the 3S'3 

' 111 to 113 is obtained, riming correction value is computed which 

! 20 allows synchronization of radio communication timing for all the 
j BS's (513), and notified to each timing correction unit ol BSI/F 
j unit (S51=i to 517} . At this point, timing correction value is 

I computed by, after establishing random standard value, computing 

j tha difference of delay time from the standard value for each DS, 
I 25 and it ia possible to establish the standard value according to, 
j for instance, delay time for BS with the least delay time ur timing 
' of synchronizing signal received direr. rly from synchronizing signal 
generator unit 107 . Receiving this timing correction value notice, 
j BSI/P unit 108 records such correction value in timing correction 
bo unit 207 (514-51 6), and sends back "timing correction value 
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acceptance" (SS18-520) 

ill th« opsration as below, timing correction unit ^08 nf BSI/F 
unit-, modifies the timing of synchronising signal supplied from 
synchronising signal generator unit 107 according to notified 
5 timing correction value, and supplier corrected synchronizing 
signal to signal converter unit 205. This corrected synchronizing 
signa.1 is extracted in synchronising signal extract unit 202 of BSlll , 
and Dub3«quent radio communication is eunducted in norrscted frame 
timing, owing to control as above, radio communication timing for 

10 all the SS's 111 to 113 is synchronized. 

Incidentally, synchronization control in this test operation 
mode is suitable, for instance, whan the system is operated for the 
first time or more US ' s are installed. Still, it may be advantageous, 
for instance, to execute as a maintenance repeated after a certain 

15 period. 

AS explained above in detail, according to the present invention, 
it is structured so ds to detect delay time of the transmission of 
synchronizing signal to each baoe station, to compute timing 
j correction value tor each bacc station on the basis of the delay 

| 20 time and to correct the synchronizing signal supplied to each base 
: station according to the timing correct! on value, and consequently, 

j it is possible to synchronize timing of radio communication for all 
i the base station. Therefore?, it is possible to prevent i ntsrfercnce 
j of adjacent base station to time slot and communication failure due 
j 2S to switch in base station. 

Although the invention has been described with respect to 
Specific embodiment fos. complete and clear disclosure, the appended 
j claims arc not to be thus limi ted but are to be construed as embodying 
all modification and alternative cons iructicns that may be occuired 
130 to one skilled in the art which £airly fall within the basic teaching 



I 2000*1 1(1200 WW MI RATA&rARTNCRS NO. 2916 i.u • 

; -13- 

j herein set forth. i 

i 
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